Introduction
============

Pain affects 49%--83% of 1.8 million residents living in long-term care facilities in the United States.[@b1-cia-7-207]--[@b4-cia-7-207] The outcome of pain and long-term suffering influences psychological, physiological, and social aspects of an individual's life. Chronic pain is associated with symptoms of anxiety and depression,[@b5-cia-7-207] and can have a serious adverse impact on quality of life. This may result in an inability to sleep, clinical depression, weight loss, disturbances in gait, immune suppression, decreased socialization, increased morbidity,[@b6-cia-7-207],[@b7-cia-7-207] and burgeoning health care costs.[@b5-cia-7-207],[@b7-cia-7-207],[@b8-cia-7-207]

Behavioral and psychosocial factors play an important role in understanding the experience, continuation, and exacerbation of pain.[@b9-cia-7-207] Individuals display many different behavioral cues, making it difficult for the clinician to comprehend the nursing home resident's needs. Research indicates specific verbal, behavioral, and facial expressions as being representative of pain.[@b10-cia-7-207],[@b11-cia-7-207] Because pain is an individual subjective experience, the complexity of assessing and determining patient pain may increase with cognitive decline. Cognitive decline progressively hampers the individual's ability to anticipate and verbalize pain.[@b12-cia-7-207] Decades of research indicate pain is poorly assessed and managed in long-term care, especially for those with moderate to severe cognitive impairment.[@b13-cia-7-207]--[@b18-cia-7-207] Looking at underlying common characteristics of pain could clarify our understanding of how to measure and better identify pain. Basing detection of pain only on self-reports from patients fails to take into account other indicators that an individual could be expressing.

Research to date lacks a large-scale analysis of pain in long-term care that evaluates a multidimensional construct of pain. The aims of this study were to determine the magnitude of the relationship between pain behaviors and a hypothesized measurement model, to compare theoretical models to existing pain scales, and to examine the construct validity of a pain measurement model. The research question was: can a theoretically derived model of pain aid in detecting pain across all cognition levels?

Multiple smaller-scale studies have evaluated specific pain tools, while recommending additional research using larger samples to increase the generalizability across longterm care settings and to include a more comprehensive analysis of residents most at risk, ie, the severely cognitively impaired.[@b19-cia-7-207]--[@b23-cia-7-207] Data from existing nationwide assessment instruments, like the minimum data set (MDS), are a source for evaluating resident pain and other quality initiatives.[@b24-cia-7-207] The goal of evaluating the dimensions and theoretical constructs of pain is to clarify the validity of measures and the reliability of existing quality indicators from the MDS to be able to detect pain across all cognitive states more accurately.

Significance
------------

Nursing homes are under great scrutiny for adherence to regulations, quality improvement actions, and public reporting. Stakeholders and researchers have raised concerns about the accuracy, usefulness, and timeliness of reports to describe care in skilled nursing settings.[@b25-cia-7-207],[@b26-cia-7-207] The Joint Commission calls for the close monitoring of pain management in health care settings and evaluates the appropriateness of interventions.[@b27-cia-7-207],[@b28-cia-7-207] The American Health Quality Association reports on health care entities that strive to improve pain management through quality initiatives, and the Centers for Medicare and Medicaid Services encourage ongoing quality improvement in skilled care settings through resident assessment surveys.[@b29-cia-7-207] Multiple entities are working towards improving care for the elderly, but large-scale research is needed to understand pain behaviors better and ensure pain treatment is effective and ongoing in this population.

Pain has a significant impact on quality of life and outcomes in nursing home residents. Higher levels of comorbidities are reported with severe pain, along with increased depressive symptoms, reduced activity and significant physical effects.[@b30-cia-7-207] Chronic pain is attributed to diseases like osteoarthritis, cancer, and facture, and neuropathies, with arthritis being the most common.[@b5-cia-7-207]

The study of pain, especially among those residents who are non-communicative, could significantly improve quality of life and the quality of care in nursing homes.[@b31-cia-7-207] Residents with advanced cognitive decline are at the highest risk for under-treatment because of an inability to verbalize pain. Incorrectly assessing pain leads to a higher incidence of inappropriate medication use, medication side effects, and residents remaining in discomfort. These outcomes fail to apportion health care resources correctly, provide optimal treatment, or resolve the target issue of pain. Using evaluation tools to include a broader context of resident symptoms might help recognize patterns and methods to improve care.

Evaluating aggregate resident care at points over time can highlight successes or failures, and opportunities to improve treatments and outcomes. The integration and mechanisms of information technology/information systems are a helpful tool to combine health care delivery networks to improve resident outcomes. Analysis of data sets can reveal statistical relationships between symptoms, diagnoses, treatments, and outcomes.[@b32-cia-7-207] Using existing data lessens the difficulties in recruiting and retaining those with increasing inability to assent or comprehend informed consent, offering important insights into resident care.

Background
----------

Chronic pain in the elderly is most often felt in the feet, legs, back, and major joints.[@b5-cia-7-207],[@b33-cia-7-207] Other types of pain, like headache or visceral aches, are less reported in the elderly. It is estimated at least one in four older individuals suffers with chronic musculoskeletal pain.[@b5-cia-7-207] Pain is an expression of underlying body damage, or peripheral nociceptive stimulation.[@b34-cia-7-207],[@b35-cia-7-207]

Pain is often communicated via behaviors.[@b34-cia-7-207],[@b36-cia-7-207] Cohen- Mansfield and Creedon[@b31-cia-7-207] define pain behaviors as "observable nonverbal behaviors" to indicate pain to others. Broader definitions include all forms of behaviors displayed by an individual thought to reflect the existence of nociception, including facial expressions, speech, posturing, patterns of medication use, seeking health care intervention, or changes in socialization.[@b35-cia-7-207] Current studies suggest four clusters of pain behaviors, ie, altered ambulation (gait) or posture, negative affect, facial/audible expressions, and avoidance of activities.[@b37-cia-7-207] A research study of nurses' perceptions of key indicators of pain state that changes in behaviors, repetitive movements, repetitive vocalizations, and physical symptoms are indicative of pain.[@b31-cia-7-207] Patients with severe dementia do not experience less pain intensity, less painful sites, or have a lower incidence of pain-causing diseases, but pain often goes unassessed and untreated in this population.[@b22-cia-7-207]

The responsiveness of caregivers with regard to intervention is a primary quality of care concern, especially for those institutionalized who rely upon others to interpret and meet their individual needs. A challenge to an understanding of pain is how to differentiate between pain behaviors and the behaviors expected from progression of a disease, such as memory impairment or the inability to communicate needs. If we use unique domains or categories to explain concepts of pain, this can broaden how pain is recognized, especially in the elderly who are cognitively impaired.

### Cognition

Cognition describes how individuals differentiate, encode, store, retrieve, and use information.[@b38-cia-7-207] The patient's ability to reason, remember, and think describes cognitive status. Cognitive status influences the resident's ability and how he/she communicates with others. A distinction in increasing cognitive decline is how behaviors are communicated. In dementia, wandering may involve an interruption in the individual's ability to follow sequential mental tasks to reach a destination or goal.[@b39-cia-7-207] The cognitively impaired resident has increased difficulty staying on task and remaining attentive to reach the goal of their activities. Cognitive impairment in conjunction with pain is a significant factor in explaining why certain verbal or nonverbal behaviors occur, and how the clinician could incorrectly interpret cues. Residents with severe cognitive impairment, as with dementia, are at high risk of suffering from pain because of an inability to report their pain verbally.[@b22-cia-7-207]

### Affect

Affect and cognition are thought to be inextricably intertwined; however, some see emotion completely independent of cognition.[@b40-cia-7-207] Beyond culture-bound expressions of affect, the elderly resident with severe cognitive impairment might have a flattened affect, or have limited verbal capacity with increased moodiness and crying. Affective domains include emotions and feelings. When evaluating mood in nursing home residents, depression may present as generalized aches and pains without a source of injury or disease, while chronic untreated pain may cause depression. [@b41-cia-7-207] This makes discernment of pain especially difficult in residents with depression. The existence of multiple pain conditions is associated with anxiety and mood disorders across cultures.[@b42-cia-7-207] Patient mood is an important concept of the pain construct in modeling whether depressed mood is an indicator of pain or a consequence of long-term untreated pain. A seminal work[@b37-cia-7-207] demonstrated dimensions of pain behaviors including a negative affect and facial expressions of distress consistent with a pain behavior construct. Multiple studies have found significant associations between pain and grimacing.[@b43-cia-7-207] Research on facial action coding systems has been used to confirm the existence of pain with different levels of cognitive impairment.[@b43-cia-7-207],[@b44-cia-7-207] Findings indicate facial expressions to noxious stimulation are significantly increased in residents with dementia in comparison with cognitively intact residents. [@b45-cia-7-207] Research of facial expressions indicates that basic primordial expressions occur across cultures, gender, and age, along with learned "socially acceptable" emotions and expressions of mood. If the resident reverts to lower cognitive functioning, making facial expressions instinctive and not a culturally-bound expected reaction, universal expressions of pain could exist. Considering a severe decline in cognition, this might explain facial grimacing as a universal expression of pain.

### Behavioral

A significant determinant of pain behavior is the severity of pain.[@b46-cia-7-207] Behaviors like verbal complaints/negative vocalizations, sighing, moaning, agitation, crying, grimacing, rapid blinking, shifting/fidgeting, rubbing, resistance, bracing, guarding, and rigidity are common indicators of pain from the literature.[@b47-cia-7-207]--[@b49-cia-7-207] Aggressive behaviors in cognitively impaired residents are also indicated as a sign of pain.[@b50-cia-7-207] Behavioral science indicates that pain behaviors are subject to the same changes and influences which alter actions, as are other types of behaviors.[@b41-cia-7-207] Much of the research into pain describes learned behaviors and operant conditioning as factors involved in continuation of pain behaviors.[@b9-cia-7-207],[@b35-cia-7-207] This assumption might hold true for cognitively intact residents, but is inadequate in explaining repetitive behaviors in the cognitively impaired resident. If pain needs are not being met, what would be the drivers for continuing the behavior?

Behaviors that are not followed by positive consequences but have neutral or adverse responses should diminish and end unwanted behaviors, thus describing the process of operant conditioning. The behavior should be deterred if these actions are not eliciting the desired response. Alternative behaviors would be attempted. The mechanism of operant conditioning does not explain repetitive behaviors, or why pain behaviors would not be eliminated if pain needs were being ignored. This behavioral perspective makes it difficult to attribute behaviors to progression of a disease and those of pain. Essential to an understanding of pain in the elderly are those variables that correlate with actual behaviors, ie, the outcome (consequence) of the behaviors, rather than just isolation of certain affective characteristics.

Disruptive behaviors common in dementia may lead to negative consequences, like continued untreated pain and the use of physical or chemical restraints to control the behavior. [@b51-cia-7-207] Because one set of signs or behaviors do not uniformly detect pain at all cognitive levels, examining the association of behaviors according to cognitive group would be valuable in advancing research in this field. A comprehensive review[@b37-cia-7-207] characterizes common problems in attempting to assess pain behaviors accurately as insufficient attention to the attributes of the construct and precision and consistency in the characteristics of the methods of assessment (ie, are the measures comprehensive and reliable?)

### Inferred pain

Pain can be inferred from existing diseases (ie, osteoarthritis, osteoporosis, neuropathies, cancer) that are known to cause pain, and existing pain sites. Having multiple sites of pain causes more severe and disabling effects than having a single site of pain.[@b52-cia-7-207] Pain assessment tools most commonly ask residents to rate pain and/or report its frequency and intensity. This aspect of pain assessment is essential, because even residents with cognitive impairment should be engaged with eye contact and inquiries into their level of comfort and not discounted as a unreliable source.[@b53-cia-7-207],[@b54-cia-7-207] Additionally, for cognitively impaired residents, direct observation of behaviors is the strongest evidence for ensuring pain is appropriately assessed and treated.[@b55-cia-7-207] Inferred pain can be another valuable clue to examine and capture pain better. When clinicians use reported pain as the only assessment tool, ie, as a one-dimensional measure, assessments often fall short of being able to detect pain accurately. Application of the Nonverbal Pain Scale to the cognitively impaired person may help increase the accuracy of assessment, detection, and treatment of pain.

Theoretical framework
---------------------

The theoretical foundation for this research incorporates the concept of need-driven behaviors and consequences of need-driven, dementia-compromised behaviors to frame a person-centered approach to care[@b39-cia-7-207],[@b51-cia-7-207],[@b56-cia-7-207]--[@b59-cia-7-207] (see [Table 1](#t1-cia-7-207){ref-type="table"} for definitions). Need-driven, dementia-compromised behaviors are actions displayed to communicate an underlying need.[@b39-cia-7-207] Optimally, the immediate identification of primary need-driven behaviors would result in an action and resolution to decrease disruptive behaviors. Need-driven behaviors produce behavioral symptoms and explain how certain interventions could lessen disruptive behaviors.[@b60-cia-7-207]

The concept of dementia-compromised behaviors aids in explaining why continued behaviors are not lessened via the mechanisms of operant conditioning. Pain is one aspect of the framework. The framework is helpful in identifying the primary problem (pain) and developing antecedent and resulting consequences of unmet needs. The initial portion of the theoretical framework is used in this study to identify pain. The remaining structure of the framework is integral to the evaluation of other aspects of the model, including cognitive status and outcomes of untreated pain, like depression, social isolation, comorbidities, effective/non-effective interventions, and the cost-effectiveness of actions taken.[@b61-cia-7-207]

The construct of pain is thought to be multidimensional. [@b36-cia-7-207],[@b37-cia-7-207] How need-driven, dementia-compromised behaviors are expressed is specific to the individual and dependent upon proximal and background factors. Proximal factors are defined as "current situational issues or events",[@b56-cia-7-207],[@b62-cia-7-207] varying greatly and dependent upon personal and environmental cues like staffing level or pain with movement. Background factors involve cognitive, psychosocial, neurological, and general health causes. These factors tend to be more constant. Need-driven behaviors aid in explaining why individuals display certain behaviors, especially those with cognitive impairment from dementia.[@b39-cia-7-207] Need-driven behaviors provide a foundational framework for this study to draw theoretical links between unique indicators obtained from research, state of the science, and clinical practice.

Materials and methods
=====================

Design and sample
-----------------

A secondary analysis of data from the Minimum Data Set- Resident Assessment Instrument (MDS-RAI) was conducted. A cross-sectional analysis was used to determine pain prevalence. The first-year records of a longitudinal data collection were used for the study. A combined total of 14,435,847 subject observations was reduced to 806,977 ([Figure 1](#f1-cia-7-207){ref-type="fig"}) by using annual assessments and applying the inclusion criterion of age ≥65 years. Unconfirmed entry dates into the system were also excluded, resulting in 252,513 subjects. Residents discharged over a 3-year span were dropped, reducing the total to 56,798. Individuals coded as being comatose were excluded, because the behavioral sections of B--F in the MDS are omitted as per the MDS-RAI instructions. The behavioral indicators evaluated in this research are contained in this section. Residents with schizophrenia were excluded to gain baseline cognitive levels, enabling reduction of the probability of fluctuating mental states due to psychosis. Data cleaning rules yielded a final sample of 52,996 residents to evaluate trends in pain behaviors and associations between cognitive, affective, behavioral, and inferred pain domains.

Instruments
-----------

The MDS is both mandated and the most commonly used resident assessment document in nursing home facilities. The MDS is not a comprehensive assessment, but a preliminary screening tool to help identify potential problems, strengths, and preferences for care. The MDS is a core set of items, definitions, and response categories composed of two parts, ie, the MDS and the resident assessment protocol. The resident assessment protocol is a section of the MDS-RAI providing a problem-oriented framework for additional assessment.[@b63-cia-7-207] Key items that are problem-specific, trigger assessment for specific conditions. The resident assessment protocol items provide a critical link with care planning. The MDS-RAI 2.0 version has 18 resident assessment protocol items covering the majority of areas addressed by a typical skilled nursing care facility in the care planning process. These items help staff to look for causal or confounding factors that may be reversible. Goals are set to improve deficits where possible, and to maintain and prevent avoidable decline. The current updated MDS is version 3.0 and was introduced after this study was completed.

The MDS has demonstrated good reliability and validity.[@b64-cia-7-207]--[@b66-cia-7-207] MDS items have excellent inter-rater and test-retest reliability in the key areas of cognition and activities of daily living, with an average weighted kappa of 0.80. MDS-RAI items met a standard for superb reliability (ie, intraclass correlation of 0.7 or higher) in key categories of functional status, such as cognition, activities of daily living, continence, and diagnoses.[@b67-cia-7-207]

The Cognitive Performance Scale (CPS)[@b68-cia-7-207],[@b69-cia-7-207] was used to assess resident cognitive status. The CPS instrument is a MDS-RAI item scale derived from sections B, C, and G of the resident assessment form. Seven levels of cognitive functioning can be determined, ranging from a score of 0 (intact) to 6 (severely cognitively impaired). The scores are obtained from five MDS items, ie, one communication item (ability to make self understood), three cognitive items (short-term memory if comatose and decision-making), and one item for activities of daily living (eating). The CPS measure correlates highly (r ≥ 0.70) with the frequently used Folstein Mini-Mental Status Examination (MMSE),[@b70-cia-7-207] a tool used systematically to assess mental status.[@b71-cia-7-207] Validation testing of CPS scoring against the MMSE shows a sensitivity of 0.94 and a specificity of 0.94. MMSE scores range from 0 to 30. A score of 0--9 denotes severe impairment, 10--18 is moderate, 19--24 is mild, and scores \>24 indicate that the individual's cognitive status is intact. The MMSE scores are converted into CPS scores. A CPS score of 5--6 correlates with severe impairment, 3--4 with moderate impairment, 2 with mild impairment, and 0--1 with borderline intact to intact. The CPS scores are converted into average MMSE values, ie, 3 is a mean MMSE of 15.4 (moderate impairment) and a CPS score of 4--5 is a mean MMSE of 5--6 (severe cognitive impairment).[@b72-cia-7-207]

The Pain Scale devised by Fries et al uses two items from the MDS instrument, ie, item J2a for pain frequency and item J2b for pain intensity. If pain frequency is marked as "no pain", subsequent pain intensity and pain sites are not scored. The Pain Scale devised by Fries et al[@b73-cia-7-207] was validated against a standardized pain instrument, ie, the Visual Analog Scale, and has shown validity in detecting pain in intact to moderately cognitively impaired residents. The Pain Scale was not performed in a validation sample for severely cognitively impaired residents, because these residents were unable to perform the Visual Analog Scale. The limitation of using this tool in significantly cognitively impaired residents was also indicated in the instrument validation study of Fries et al, indicating that the percentage of residents reporting no pain increased with increasing cognitive impairment.[@b73-cia-7-207] The potential to use the Pain Scale in addition to other indicators was the impetus for testing a theoretical construct to improve pain detection in residents with severe cognitive impairment, because pain frequency and intensity alone might not fully capture the pain spectrum in those with limited capacity to verbalize pain.

Data collection
---------------

Data from 2001, 2002, and 2003 were collected from annual assessment of deidentified residents in Medicare-certified nursing homes from across the United States (<http://www.resdac.umn.edu/MDS/data_available.asp>). At the time of analysis, 2001--2003 were the latest data sets available and ready for analysis. A proposed model panel was evaluated for model fit by a series of steps using MDS-RAI data. The goal was to identify the dimensions (indicators) of the measurement instrument, clarify the order of the measurement levels, and examine the integrity of the measurement instruments. The study was conducted to compare statistical models of pain, while grouping residents by cognitive status. The model contains affective, behavioral, and inferred pain traits grouped by cognitive status (see [Figure 2](#f2-cia-7-207){ref-type="fig"}). The model was compared for utility with the existing pain instrument devised by Fries et al. The Pain Scale is widely used as a secondarily derived tool using MDS data.

Statistical analysis
--------------------

Descriptive statistics and factor analyses were run with SPSS 14.0 (SPSS Inc, Chicago, IL). Advanced multivariate techniques were used to build a measurement model and to test the model fit with structural equation modeling. A measurement model of pain was hypothesized based on current research and literature of the domains and dimensions of pain in the elderly. Ordinal level correlations were run with Spearman's rho. A latent model of pain was built with AMOS 6.0 to determine how well 12 indicators from the MDS-RAI represented the latent construct of pain. Equality constraints were applied to compare four cognitive levels of residents, ie, intact, mild, moderate, and severe cognitive impairment. Construct validity was evaluated by the extent to which the measurement of pain accurately represents the construct and assumes a theoretical basis.

A critical step in building the model was hypothesizing associations based on conceptual relationships, not simply based on the data available. Content validity or logical validity was evaluated in the model to determine if indicators represent all dimensions of the construct of pain. The Pain Scale devised by Fries et al[@b73-cia-7-207] contains only two indicators, ie, pain frequency (J2a) and pain intensity (J2b) in an ordinal scale. These two indicators yield an underidentified model and cannot run as a stand-alone model in AMOS. These items were highly correlated (r = 0.977, *P* = 0.01, one-tailed), indicating that one of these items could be dropped, because they closely measure the same aspect of the inferred pain dimension. These core indicators of pain are included in the hypothesized model for testing to define the dimension of inferred pain.

Confirmatory analysis was undertaken to review factor loadings. Confirmatory factor analysis was used to reduce the factors and confirm factor groupings, ie, inferred pain, affect, and behaviors. The measurement model was evaluated for validity and goodness of fit statistics to improve the model to ensure the final prototype is parsimonious. Indicators with a probability of 0.01 were included, and non-significant items were not included in the model. The specification of free and fixed elements represents the initial hypothesis that presumes indirect or direct effects among latent variables.[@b74-cia-7-207] The assessment of power in structural equation modeling is complex, because there are substantially more parameters beyond a straightforward procedure like the *t*-test and analysis of variance, which contain only a few parameters.[@b74-cia-7-207] The sample size was considerable (n = 52,996), so power analysis was not critical to determining an appropriate sample size prior to the study to ensure statistical significance of the findings.

Results
=======

The selected MDS items were collected for 52,996 residents. Overall, 80% of the sample was female and the average age was 84 years (see [Table 2](#t2-cia-7-207){ref-type="table"}). Of the medical conditions selected, arthritis was the most prevalent (34.2%), with diabetes affecting around 20.9% (see [Table 3](#t3-cia-7-207){ref-type="table"}). The most common pain site was the joints (14.9%).

[Table 4](#t4-cia-7-207){ref-type="table"} contains an index of behaviors, which with additional models could clarify the antecedents and consequences of pain. The Pain Scale items (see [Table 5](#t5-cia-7-207){ref-type="table"}) indicated that 68.8% reported no pain, while only 12.8% experienced pain daily. Pain frequency and intensity declined as cognitive status declined, indicating that only 18.2% of residents with cognitive severe impairment were experiencing pain, while 47.7% of the intact group experienced pain daily or less than daily. This suggests that underdetection of pain was more likely as cognition declined, assuming the same relative comorbidities between cognitively intact and impaired residents.

Initial and final models were built from the original pain model using the dimensions of affective, behavioral, and inferred pain grouped by cognitive status. Careful consideration was given to what items to include in the initial model (see [Figure 3](#f3-cia-7-207){ref-type="fig"}, [Tables 6](#t6-cia-7-207){ref-type="table"} and [7](#t7-cia-7-207){ref-type="table"}) based on current empirical findings of reported pain symptoms and behaviors. All of the indicators in the measurement model were statistically significant (*P* \< 0.01, see [Table 8](#t8-cia-7-207){ref-type="table"}). Correlations are used to test for association but not for causality. The inferences made should have a logical connection with each other. It is important to examine both the degree of the relationship and the *P* value. Research has a tendency to disregard weak correlations, but a linear relationship may have meaning in terms of current knowledge when examined in the context of other variables.

Cumulative scores of five potential pain-causing diseases (arthritis, hip fracture, cancer, pneumonia, and urinary tract infection) were evaluated as an indicator for pain. While cumulative pain diagnoses were significant at the *P* \< 0.01 level, the correlation was low (r = 0.182). In efforts to build a parsimonious model, the indicators of pain frequency, intensity, and cumulative pain site scores were retained, and potential pain diagnosis scoring were not included in the preliminary model.

Both models were recursive. The modification indices were examined for correlating measurement errors to reduce the chi-square and degrees of freedom from χ^2^ = 305889.3, df = 249, *P* \< 0.01 in the original model to χ^2^ = 4933.4, df = 143, *P* \< 0.01 in the corrected model ([Figure 4](#f4-cia-7-207){ref-type="fig"}, [Table 9](#t9-cia-7-207){ref-type="table"}).

The differences between the chi-square (Δχ^2^) and the degrees of freedom (df) of the two models were compared to assess the model improvement from the initial model with 12 indicators to the final model with ten indicators:
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Comparing the original model with the final model shows a large gap, and therefore increases the probability that the changed model is improved. The behavioral item "physically abusive" (E4CA) was dropped due to weak correlations and a non-significant factor loading (*P* = 0.288). The inferred pain component, unsteady gait (J1N), was also dropped due to weak correlations and to improve the model parsimony for the inferred dimension of pain. The final revised model allows measurement errors to be correlated with each other and better capture shared measurement errors for more correlated items. Chi-square values of the model were expected to be large, because of the sample size. Model fit statistics are found in [Table 10](#t10-cia-7-207){ref-type="table"} (see [Table 11](#t11-cia-7-207){ref-type="table"} for definitions of goodness of fit statistics).

The model fit was greatly improved from the initial to the final model. Reduced root mean square residuals were achieved and the goodness of fit further approached 1.0 with the adjustments made. The Tucker-Lewis index values should be between 0 and 1, and the adjusted model indicates a value of 0.965. Values close to 1.0 indicate a very good fit. Scores for root mean square error of approximation are ideally below 0.05, and the changes made reduced this value to 0.025.

In comparison, the model fit by cognitive status with a side-by-side evaluation ([Figure 4](#f4-cia-7-207){ref-type="fig"}), notable variations in correlations occur within inferred pain domains, especially comparing intact/mild with moderate/severe cognitive states. The intact/mild groups and the moderate/severe groups showed similar values for associations and correlated errors for inferred pain items (ie, J2a pain frequency, J2b pain intensity, and cumulative score of pain sites). This information is helpful in understanding the relationship between resident cognition and how further dimensions (eg, behavioral, affective, and cognitive) add further detail to clarifying the pain construct. The overall model fit indicates utility across all cognitive levels ([Figure 5](#f5-cia-7-207){ref-type="fig"}). Pain scores could be converted to a standardized score, including all of the indicators to a converted *t*-score, the factorial scores could be retained using a weighted score, or pain indicators could simply be added for a cumulative score.

Discussion
==========

The findings of this study support the pragmatic utility of additional measures to detect pain in the elderly beyond self-reports of pain intensity and frequency. Research working towards further defining dimensions of pain in the elderly increases our ability to understand and assess pain characteristics in this population. Findings of primary concern substantiate research to date[@b75-cia-7-207] on pain in those residents with severe cognitive impairment, along with the contribution of behavioral indicators to identification of pain beyond self-report measures.

The Pain Scale items ([Table 5](#t5-cia-7-207){ref-type="table"}) indicated that the majority of the sample (68.8%) were not experiencing pain. When this total was broken down by cognitive status, as the cognitive state declined, pain frequency and intensity also appeared to decline. Forty-eight percent of the cognitively intact group was reported as experiencing pain, while only 18.2% of those with severe cognitive impairment were assessed as having pain. These findings support other research to date indicating that pain is potentially under-reported in this population.[@b4-cia-7-207],[@b22-cia-7-207],[@b75-cia-7-207]--[@b79-cia-7-207]

Prior models of pain have included cognitive, affective, and behavioral components.[@b20-cia-7-207],[@b33-cia-7-207],[@b80-cia-7-207]--[@b82-cia-7-207] The latent construct of pain could include these three dimensions as a discrete measure in a model. Because this study was used as a stacked comparison, cognitive items were used as the grouping variable and not as a separate measure in the pain model. The goal was to gain an understanding of the overall fit of the model by cognitive state. Future studies could examine this construct using cognition, affect, and behavior as separate measures.

Self-reported measures of pain could be further validated by more objective assessment. From a theoretical perspective, evaluation of the proposed models and indicators is not exhaustive of all the potential cues within the dimensions of cognition, affect, behavioral, and inferred pain indicators that could explain the construct of pain. The research was limited to the available items from the MDS. Important in the use of large data sets is having a clear clinical and evidential base to substantiate why certain indicators are used and not others.[@b83-cia-7-207] Hypothesized indicators chosen from the MDS were based on knowledge and research conducted to this point. Theoretical modeling can start a dialog concerning other indicators which are potentially useful and shown from previous smaller-scale studies to indicate pain beyond self-reports from the resident, such as the use of nonverbal pain scales. Correlations between indicators can clarify the degree of association between the dimensions and unique relationships between behaviors. As our understanding of pain increases, clinicians will be better equipped to measure quality initiatives in the assessment, treatment, and prevention of pain.

Focusing interventions only on severely cognitively impaired residents, ie, those at high risk for untreated pain, fails to take into account factors at the population level, and would limit options to reduce the burden of chronic pain for all residents in longterm care.[@b84-cia-7-207] A need exists for continued quality improvement and additional research to increase our understanding of pain behaviors and the effect of treatments on the elderly. The goal is improving pain control at all cognitive levels.[@b22-cia-7-207] Using existing data, we can target specific behaviors and evaluate outcomes to determine if uniformity of care is being applied across long-term care settings. In addition, when constructing federally required assessments, it is important to assess what standards are being applied in the use of key items as quality measures.

This study adds insight into additional domains/dimensions that can be used to improve pain assessment, and to re-evaluate efforts to detect pain and improve pain outcomes. Further evaluation of concomitance between pain and cognitive status longitudinally would provide an additional perspective on the long-term relationship between these two constructs. Future directions for research should include the persistence of pain behaviors. The MDS 2.0 contains alterability of selected behavioral items in section E4. Persistence of behaviors could indicate progression of the disease process, effectiveness of interventions to change behaviors, or an unknown factor in behavioral response to multiple stimuli.

Limitations of this study concern the data distribution. The data were positively skewed. Normality and equal group distribution were not assumed. Mahanalobis distance was not used to eliminate outliers, because the majority (70%) of the population was initially reported as not experiencing pain and was not evenly distributed. Removing these cases would have removed a full spectrum of pain presentation of atypical symptoms of pain, ie, the target of the study. Previously published studies question the reliability of mood and behavioral sections from rater to rater when using the MDS.[@b67-cia-7-207],[@b85-cia-7-207] Further, the majority of residents needing skilled nursing care have some level of cognitive impairment, so intact groups were not proportionate to the mild, moderate, and severe cognitively impaired groups. This seminal work will build towards supporting change in current clinical practice, but additional clinical studies are needed to evaluate the assessment items as a clinical intervention from a translational research perspective.

Conclusion
==========

A comprehensive plan for pain management should evaluate staffing patterns, staff education, and examine differences in pain policies and procedures to use pain management ultimately as a primary quality indicator in long-term care settings.[@b86-cia-7-207] Modeling theoretical constructs can serve as a valuable tool to determine the fit between clinical knowledge, the health care context, and individual needs. Additional research examining a covariance model of the relationship between pain and cognitive status over the long term could reveal if concomitant relationships exist. Evaluating covariance models, including antecedents and consequences of longterm suffering from unresolved pain, would further support the significance of understanding indicators and accurately assessing, documenting, and treating pain.
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###### 

Theoretical construct definitions[@b38-cia-7-207],[@b63-cia-7-207]

  Term                                                                Definition
  ------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Need-driven behaviors                                               Expressions of unmet needs or goals
  Need-driven dementia compromised behaviors (NDB)                    The most meaningful response a dementia-compromised person can give with the limitations of the disease process; disruptive behaviors could be the only and base mechanisms of communication; reflect the interaction of background and proximal factors
  Consequences of need-driven dementia-compromised behavior (C-NDB)   Explains the consequences of behavioral symptoms of individuals with dementia; needs are expressed behaviorally and unmet needs influence additional behavioral cues
  Antecedent                                                          A preceding cause
  Consequence                                                         Events/actions that result from inaction of the need or failing to respond appropriately to the primary need
  Proximal factor                                                     More changing aspect of a person's physical status or social/physical environment. Proximal factors are more likely to precipitate NDBs; ie, emotions, light level, noise, staff stability
  Background factor                                                   Neurological, cognitive, general health or psychosocial factors that produce NDBs; ie, regional brain involvement, memory/language skills, functional ability, affective state, behavioral response to stress
  Primary need                                                        Immediate need
  Secondary need                                                      Needs that may arise from primary needs not being met

###### 

Demographic table of resident characteristics

  ---------------------------------------------------------------
  (n = 52,996)                       Mean ± SD\       Range
                                     N (percent)      
  ---------------------------------- ---------------- -----------
  Age                                83.7 ± 8.1       65--112

  Gender                                              

   Male                              10,798 (20.4%)   

   Female                            42,198 (79.6%)   

  Cognitive status                                    

   Mean CPS score                    2.9 ± 1.9        0--6

   Mean MMSE                         14.4 ± 8.0       0.4--24.5

   Intact                            7,428 (14.0%)    

   Mild                              13,928 (26.3%)   

   Moderate                          15,216 (28.7%)   

   Severe                            16,424 (31.0%)   

  Marital status                                      

   Never married                     12.7%            

   Married                           15.5%            

   Widowed                           62.3%            

   Separated                         2.2%             

   Divorced                          7.3%             

  Ethnicity                                           

   American Indian/Alaskan natives   0.3%             

   Asian/Pacific islander            1.2%             

   Black, not of Hispanic origin     11.4%            

   Hispanic                          2.9%             

   White, not of Hispanic origin     84.2%            

  Language                                            

   English                           94.6%            

   Spanish                           2.4%             

   French                            0.2%             

   Other                             2.8%             

  Education level                                     

   No schooling                      3.0%             

   8th grade/less                    30.8%            

   9--11 grade                       14.2%            

   High school                       33.2%            

   Technical or trade school         4.2%             

   Some college                      7.2%             

   Bachelor's degree                 4.2%             

   Graduate degree                   1.8%             

   Not coded/missing                 1.5%             
  ---------------------------------------------------------------

**Abbreviations:** CPS, Cognitive performance scale; MMPE, Folstein mini mental status examination.

###### 

Diseases/events with potential pain symptoms

  Diseases                                                                  Number from total (n = 52, 996)   Percent of total
  ------------------------------------------------------------------------- --------------------------------- ------------------
  Diabetes                                                                  11,063                            20.9%
  Peripheral vascular disease                                               6,128                             11.6%
  [\*](#tfn3-cia-7-207){ref-type="table-fn"}Arthritis                       18,110                            34.2%
  Complaint of joint pain                                                   7,703                             14.5%
  [\*](#tfn3-cia-7-207){ref-type="table-fn"}Hip fracture                    2,113                             4.0%
  Multiple sclerosis                                                        440                               0.8%
  Emphysema/COPD                                                            6,423                             12.1%
  [\*](#tfn3-cia-7-207){ref-type="table-fn"}Cancer                          2,844                             5.4%
  Renal failure                                                             1,327                             2.5%
  [\*](#tfn3-cia-7-207){ref-type="table-fn"}Pneumonia                       472                               0.9%
  Respiratory infection                                                     1,213                             2.3%
  Septicemia                                                                28                                0.1%
  [\*](#tfn3-cia-7-207){ref-type="table-fn"}Urinary tract infection (UTI)   2,737                             5.2%
  Wound infection                                                           285                               0.5%

**Note:**

Key diagnoses used for pain diagnosis scoring.

###### 

Behavioral index

  Cognitive status                                                                                                                                                                                                  Intact (n = 7,428)        Mild (n = 13,928)   Moderate (n = 15,216)   Severe (n = 16,424)
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------- ------------------- ----------------------- ---------------------
  **Change in behavioral symptoms**                                                                                                                                                                                 101 Improved (1.4%)       348 (2.5%)          645 (4.2%)              821 (5.0%)
                                                                                                                                                                                                                    110 Deteriorated (1.5%)   357 (2.6%)          792 (5.2%)              792 (4.8%)
  **Pain behavior**                                                                                                                                                                                                                                                                       
  Affect/nonverbal cues                                                                                                                                                                                                                                                                   
   (E1D) Persistent anger                                                                                                                                                                                           751 (10.1%)               1,840 (13.2%)       2,839 (18.6%)           2,033 (12.4%)
   (E1K) Insomsnia                                                                                                                                                                                                  197 (2.6%)                378 (2.7%)          595 (3.9%)              560 (3.4%)
   (E1L) Sad facial expressions                                                                                                                                                                                     173 (10%)                 2,197 (15.8%)       3,558 (23.4%)           3,647 (22.2%)
   (E1M) Crying                                                                                                                                                                                                     245 (3.3%)                715 (5.2%)          1,158 (7.6%)            1,452 (8.9%)
   (E1O) Withdrawal                                                                                                                                                                                                 107 (1.4%)                394 (2.8%)          574 (3.8%)              659 (4.1%)
   (E1P) Reduced social interaction                                                                                                                                                                                 196 (2.6%)                546 (3.9%)          744 (4.9%)              813 (4.9%)
   (E2) Persistence                                                                                                                                                                                                 1,742 (23.4%)             4,514 (32.4%)       6,895 (45.3%)           6,726 (40.9%)
  Verbal cues                                                                                                                                                                                                                                                                             
   (E1A) Negative statements                                                                                                                                                                                        181 (2.4%)                489 (3.6%)          711 (4.6%)              307 (1.9%)
   (E1B) Repetitive questions                                                                                                                                                                                       34 (0.4%)                 426 (3.1%)          1,949 (12.8%)           1,085 (6.6%)
   (E1C) Repetitive verbalizations                                                                                                                                                                                  68 (0.9%)                 355 (2.5%)          1,306 (8.6%)            1,631 (9.9%)
   (E1E) Self deprecation                                                                                                                                                                                           79 (1.1%)                 277 (2.0%)          312 (2.1%)              115 (.7%)
   (E1H) Health complaints                                                                                                                                                                                          776 (10.5%)               1,572 (11.3%)       1,386 (9.1%)            380 (2.3%)
   (E1I) Anxious complaints                                                                                                                                                                                         693 (9.3%)                1,853 (13.3%)       2,524 (16.6%)           960 (5.9%)
   (E4BA) Verbally abusive frequency                                                                                                                                                                                304 (4.1%)                943 (6.7%)          2,194 (14.4%)           1,915 (11.7%)
  Physical cues                                                                                                                                                                                                                                                                           
   (E4DA) Inappropriate behavior frequency; disruptive sounds, noisiness, screaming, self-abuse acts, sexual behavior or disrobing in public, smeared/threw feces, hoarding, rummaging through other's belongings   178 (2.5%)                857 (6.2%)          2,273 (14.9%)           3,344 (20.4%)
   (E4DB) Inappropriate behavior alterability                                                                                                                                                                       108 (1.5%)                505 (3.6%)          1,420 (9.3%)            2, 326 (14.2%)
   (B5D) Restlessness                                                                                                                                                                                               65 (0.9%)                 689 (4.9%)          3,023 (19.8%)           5,772 (35.1%)
   (E1N) Repetitive physical movements; pacing, hand wringing, restlessness, fidgeting, picking                                                                                                                     100 (1.4%)                621 (4.4%)          2,158 (14.2%)           3.855 (23.5%)
   (E4AA) Wandering frequency                                                                                                                                                                                       5 (0.1%)                  187 (1.4%)          1,874 (12.3%)           2,755 (16.8%)
   (E4AB) Wandering alterability                                                                                                                                                                                    2                         68 (0.5%)           900 (5.9%)              1,699 (10.3%)
   (E4CA) Physically abusive frequency                                                                                                                                                                              37 (0.5%)                 223 (1.7%)          1,068 (7.1%)            2,094 (12.7%)
   (E4CB) Physically abusive alterability                                                                                                                                                                           23 (0.3%)                 97 (0.7)            617 (4.1%)              1,368 (8.3%)
   (E4EA) Resists care frequency                                                                                                                                                                                    387 (5.1%)                1,417 (10.3%)       3,375 (22.2%)           4,934 (30.0%)
   (E4EB) Resists care alterability                                                                                                                                                                                 287 (3.9%)                972 (7.0%)          2,244 (14.7%)           3,392 (20.7%)

###### 

Fries pain scale (PS) ratings

  Fries pain indicators    Total population (n = 52,996)                          Intact (n = 7,428)    Mild (n = 13,928)     Moderate (n = 15,216)   Severe (n = 16,424)
  ------------------------ ------------------------------------------------------ --------------------- --------------------- ----------------------- ---------------------
  Pain frequency (J2a)                                                                                                                                
   No pain                 36,470 (68.8%)                                         3,887 (52.3%)         8,411 (60.4%)         10,737 (70.6%)          13,435 (81.8%)
   Pain less than daily    9,731 (18.4%)                                          1,869 (25.2%)         3,144 (22.6%)         2,796 (18.4%)           1,922 (11.7%)
   Pain daily              6,795 (12.8%)                                          1,672 (22.5%)         2,373 (17.0%)         1,683 (11.0%)           1,067 (6.5%)
  ** Pain totals**         **16,526 (31.2%)**                                     **3,541 (47.7%)**     **5,517 (39.6%)**     **4,479(29.4%)**        **2,989 (18.2%)**
  Pain intensity (J2b)                                                                                                                                
   Mild pain               8, 046 (15.2% of total, or 49% within reported pain)   1,514 (20.4%/42.8%)   2,608 (18.7%/47.3%)   2,295 (15.1%/51.2%)     1,629 (9.9%/54.5%)
   Moderate pain           7,946 (15%/48%)                                        1,873 (25.2%/52.9%)   2,731 (19.6%/49.5%)   2,065 (13.6%/46.1%)     1,277 (7.8%/42.7%)
   Horrible/excruciating   534 (1%/3%)                                            154 (2.1%/4.3%)       178(1.3%/3.2%)        119 (.8%/2.7%)          83 (0.5%/2.8%)
  ** Total**               **16,526**                                             **3,541**             **5,517**             **4,479**               **2,989**

###### 

Preliminary model factoring loadings

                          Est      SE      CR        *P*                                              Label
  ----------------------- -------- ------- --------- ------------------------------------------------ -------
  **Pain**                                                                                            
  (Cum) Pain score 2001   1.000                                                                       
  ( J2B) Pain intensity   1.034    0.003   311.057   [\*\*\*](#tfn5-cia-7-207){ref-type="table-fn"}   k
  ( J2A) Pain frequency   0.943    0.003   313.011   [\*\*\*](#tfn5-cia-7-207){ref-type="table-fn"}   j
  ( J1N) Unsteady gait    0.046    0.003   15.931    [\*\*\*](#tfn5-cia-7-207){ref-type="table-fn"}   i
  (E1A) Neg state         0.019    0.001   15.045    [\*\*\*](#tfn5-cia-7-207){ref-type="table-fn"}   h
  (E3) Mood change        0.046    0.003   16.511    [\*\*\*](#tfn5-cia-7-207){ref-type="table-fn"}   g
  (E1M) Crying            0.035    0.002   21.770    [\*\*\*](#tfn5-cia-7-207){ref-type="table-fn"}   f
  (E1L) Worried face      0.085    0.003   27.922    [\*\*\*](#tfn5-cia-7-207){ref-type="table-fn"}   e
  (E1C) Repeat verb       0.016    0.001   11.887    [\*\*\*](#tfn5-cia-7-207){ref-type="table-fn"}   d
  (E4CA) Phys abusive     −0.001   0.001   −1.062    0.288                                            c
  (E1N) Repeat moves      0.009    0.002   5.090     [\*\*\*](#tfn5-cia-7-207){ref-type="table-fn"}   b
  (E4DA) Dis behavior     0.008    0.003   2.794     0.005                                            a

**Note:**

Significantly different from zero at the 0.001 level (two-tailed).

**Abbreviations:** SE, standard error; CR, critical ratio.

###### 

Definitions of the indicators

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Indicators                                
  ----------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Inferred/reported pain**                

  (J2A) Pain frequency                      Frequency resident complains or shows evidence of pain

  (J2B) Pain intensity                      Intensity of pain described or displayed by the resident

  Pain sites score                          Cumulative pain site index, items J2a-J3j, K1c; higher scores indicates more pain sites

  (J1N) Unsteady gait                       Problem present in last 7 days; Resident appears unbalanced, uncoordinated, jerking movements, careless movements, slow gait, shuffling steps or wide-based gait with halting steps

  **Affect**                                

  (E1L) Sad facial expressions              Sad, pained, worried facial expressions, ie furrowed brows

  (E1M) Crying                              Indicator of distress. Behavior is recorded by frequency in the last 30 days irrespective of the cause of the behavior (indicator)

  (E3) Change in mood                       Refers to status of any symptoms described in section E (mood); snapshot of current observation period, not just a point in time

  (E1A) Negative statements                 Resident made negative statements, eg, "Nothing matters, would rather be dead, what's the use, regrets having lived so long"

  **Behavioral**                            

  (E1C) Repetitive verbalizations           Calling out for help, repeated statements

  (E4DA) Inappropriate behavior frequency   Disruptive sounds, noisiness, screaming, self-abuse acts, sexual behavior or disrobing in public, smeared/threw feces, hoarding, rummaging through other's belongings

  (E1N) Repetitive physical movements       Pacing, hand wringing, restlessness, fidgeting, picking

  (E4CA) Physically abusive frequency       Others are hit, shoved, scratched, sexually abused

  **Cognition**                             Grouping variable of the comparative models; cognitive performance algorithm scale\
                                            0 = Intact\
                                            1 = Mild\
                                            2 = Moderate\
                                            3 = Severe
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Correlation matrix of the indicators of pain

  Indicators                          1           2         3         4         5         6         7         8         9         10        11        12
  ----------------------------------- ----------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- ---------
  1\. Sad facial expressions          **1.000**                                                                                                       
  2\. Crying                          0.339       **1.0**                                                                                             
  3\. Change in mood                  0.167       0.131     **1.0**                                                                                   
  4\. Negative statements             0.199       0.150     0.115     **1.0**                                                                         
  5\. Repetitive verbalizations       0.213       0.154     0.086     0.153     **1.0**                                                               
  6\. Inappropriate behavior          0.151       0.114     0.064     0.086     0.316     **1.0**                                                     
  7\. Repetitive physical movements   0.254       0.145     0.092     0.059     0.239     0.292     **1.0**                                           
  8\. Physically abusive              0.109       0.074     0.045     0.062     0.124     0.281     0.188     **1.0**                                 
  9\. Unsteady gait                   0.054       0.024     0.036     0.031     0.014     0.021     0.057     0.031     **1.0**                       
  10\. Pain frequency                 0.090       0.073     0.060     0.067     0.032     −0.025    −0.027    −0.042    0.075     **1.0**             
  11\. Pain intensity                 0.095       0.079     0.063     0.068     0.035     −0.026    −0.026    −0.042    0.073     0.977     **1.0**   
  12\. Cumulative pain site score     0.095       0.078     0.061     0.072     0.035     −0.024    −0.025    −0.042    0.082     0.965     0.964     **1.0**

**Note:** All correlation coefficients are significant at the 0.01 level (one-tailed).

###### 

Final model factor loadings

                         Est     SE      CR       *P*                                              Label
  ---------------------- ------- ------- -------- ------------------------------------------------ -------
  **Pain**                                                                                         
  (Cum) pain site 2001   1.000                                                                     
  (J2B) Pain intensity   1.024   0.030   34.198   [\*\*\*](#tfn9-cia-7-207){ref-type="table-fn"}   i
  (J2A) Pain frequency   0.879   0.026   33.856   [\*\*\*](#tfn9-cia-7-207){ref-type="table-fn"}   h
  (E1A) Neg state        0.373   0.022   16.645   [\*\*\*](#tfn9-cia-7-207){ref-type="table-fn"}   g
  (E3) Mood change       0.808   0.051   15.860   [\*\*\*](#tfn9-cia-7-207){ref-type="table-fn"}   f
  (E1M) Crying           0.951   0.056   17.117   [\*\*\*](#tfn9-cia-7-207){ref-type="table-fn"}   e
  (E1L) Worried face     2.718   0.152   17.913   [\*\*\*](#tfn9-cia-7-207){ref-type="table-fn"}   d
  (E1C) Repeat verb      2.137   0.117   18.289   [\*\*\*](#tfn9-cia-7-207){ref-type="table-fn"}   c
  (E1N) Repeat moves     2.216   0.121   18.277   [\*\*\*](#tfn9-cia-7-207){ref-type="table-fn"}   b
  (E4DA) Dis behavior    2.961   0.160   18.532   [\*\*\*](#tfn9-cia-7-207){ref-type="table-fn"}   a

**Note:**

Significantly different from zero at the 0.001 level (two-tailed).

**Abbreviations:** CR, critical ratio; SE, standard error.

###### 

Goodness of fit statistics for the measurement models

  Goodness of fit statistics   Stacked original model   Stacked revised model
  ---------------------------- ------------------------ -----------------------
  χ^2^                         30589.3                  4933.4
  Degrees of freedom (df)      249                      143
  *P*                          0.000                    0.000
  Number of free parameters    63                       77
  χ^2^/df                      122.849                  34.45
  RMR                          0.024                    0.011
  GFI                          0.887                    0.981
  TLI                          0.820                    0.965
  AGFI                         0.859                    0.970
  RMSEA                        0.048                    0.025
  Hoelter (0.05)               500                      1850

**Abbreviations:** AGFI, Adjusted Goodness of Fit Index; RMR, Root Mean Square Residual; GFI, Goodness of Fit Index; TLI, Tucker-Lewis Index.

###### 

Goodness of fit statistical terms

  Goodness of fit statistics   Terms and understanding statistical output
  ---------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  χ^2^ (chi-square)            Best for models with sample sizes between 75--100; for n \> 100 chi-square is almost always significant since the magnitude is affected by the sample size; also affected by the size of correlations in the model, the larger the correlations the poorer the fit
  Degrees of freedom (df)      The number of degrees of freedom and equals p-q (the \# of sample moments subtract the \# of parameters estimated)
  *P*                          The probability is ideally non-significant; however, significant models can still yield valuable theoretical construct information
  Number of free parameters    Multiple times 5--10 to estimate required sample size for the study
  χ^2^/df                      Use to compare models; this number should decrease from model to model; \<5 is good, but must have *P* \> 0.05; close to 1.0 means it is a correct model
  RMR                          Root mean square residual is the square root of the average amount that the sample variances and covariances differ from their estimates, smaller values are better
  GFI (also GOF)               Slightly less than or equal (0--1) to 1 indicates a perfect fit; acceptable values are above 0.90; affected by sample size and can be large for poorly specified models
  TLI                          The Tucker-Lewis coefficient should be between 0--1, values close to 1 indicate a very good fit
  AGFI (also AGOF)             Adjusted goodness of fit index, takes into account the df available for testing the model; AGFI is bound by 1, which indicates a perfect fit; however is not bound by 0
  RMSEA                        Should be less than 0.05; score of less than 0.05 indicates a close fit of the model in relation to the df. Not definitive but the rule of thumb is an RMSEA of 0.01 is an exact fit, a score of 0.08 or less indicates a reasonable error of approximation. A model with an RMSEA of greater than 0.1 should not be used -- indicates a poor fit
  Hoelter (0.05)               The largest sample size for which one would accept the hypothesis that the model is correct; the index should only be calculated if the chi-square is statistically significant. How small one's sample size would have to be for chi-square to no longer be significant. Hoelter recommends values of at least 200, values ≤75 indicate a poor fit

**Abbreviations:** AGFI, adjusted goodness of fit index; AGOF, adjusted goodness of fit; GFI, goodness of fit index; GOF, goodness of fit; RMR, root mean square residual; RMSEA, root mean square error of approximation; TLI, tucker-lewis index.
